Principal component analysis of German survey data from 1981 to 2006 yielded four main trend components accounting for 60% of variance of the demersal fish assemblage on the Greenland shelf. The leading principal component (prin1) accounted for 22.5% of total variance of abundance and was positively correlated with deep-sea and golden redfish >17 cm (Sebastes mentella and S. marinus, respectively). Prin2 accounted for 16.7% of total variance of abundance and was correlated to juvenile redfish <17 cm. Prin3 and prin4 accounted for 12.9% and 7.5% of total variance, respectively. American plaice (Hippoglossoides platessoides) was attributed to prin3. Atlantic cod (Gadus morhua) was almost equally assigned to prin3 and prin4. Prin1 and prin4 were significantly correlated with air temperature anomalies from Nuuk (p <0.01), representing the climate effect on the demersal assemblage. Prin2 and prin3 were significantly correlated with the July-August phytoplankton colour index for East Greenland representing ocean productivity and fishing mortality from cod VPA analysis, the latter indicating fishing pressure effects on the ecosystem. About 30% of total variance can be explained by climate. For East Greenland, strong bottom-up forcing (climate, productivity) and effects of fisheries were identified, whereas for West Greenland both bottom-up (climate) and top-down forcing (community interactions) were effective. With respect to Atlantic cod, fisheries in the case of prin3 and climate in the case of prin4 were equally important to explain long-term dynamics.
Introduction
Dynamics of northern temperate demersal fish assemblages are affected by productivity (Beaugrand et al., 2003; Steingrund and Gaard, 2005; Ware and Thomson, 2005) , fisheries (e.g. Myers et al., 1997) , and climate. Primary effects of either factor at the population level may be either amplified or damped through species interactions on the community level (Walther et al., 2002) . Anthropogenic local factors such as fisheries may mask climate effects (Parmesan and Yohe, 2003) , which appear on all levels of the marine ecosystem (Francis et al., 1998) . On the population level, main response patterns of fishes to increasing sea temperatures are changes in abundance of dominant species (MacDonald et al., 1984; Genner et al., 2004) , as well as shifts in latitudinal distributional ranges (e.g. Stebbing et al., 2002; Perry et al., 2005) . Further, shifts in inshore-offshore distributions and shifts between nursery and feeding grounds have been attributed to local sea temperature fluctuations (MacDonald et al., 1984; Abookire et al., 2000; Attrill and Power, 2002; Magill and Sayer, 2002) .
The Greenland coastal ecosystem is influenced by offshore currents which are strongly affected by climate oscillations at time scales of 40-80 years (Delworth et al., 1997) . In East Greenland, the Irminger Current, a warm surface current, parallels the coastal southwardflowing East Greenland Current that carries cold water of low salinity. At West Greenland, both mix into the northward-flowing West Greenland Current with a cold shelf branch and a warmer shelf break branch, the latter appearing at 300-400 m depth (Stein, 2006a) . At West Greenland, pure Irminger water is encountered even deeper, from 400-800 m depth , whereas it appears all across the shelf area in East Greenland (Stein, MS 2006b ). In terms of catch numbers, the Greenland offshore demersal fish assemblage is characterized by dominance of Atlantic cod and redfish with significant differences between West and East Greenland (Rätz, 1999) . The dynamics of the West Greenland cod stock reveals that climate may play a major role in changing the ecosystem, concomitant with and as yet not distinguishable from fisheries effects (Brander, 1996; Buch et al., 2003; Hamilton et al., 2003) . Greenland cod as a population at the edge of its distribution range and thus far from environmental optimum as are in particular vulnerable to exploitation and environmental change (Brander, 1996) . Historically, cod catches were mainly taken in West Greenland waters, only after 1980 cod catches off East Greenland also increased. After the collapse of cod fisheries in 1992, Greenland fisheries started to target shrimp (Hamilton et al., 2003) . In 2003, signs of cod stock recovery became evident (ICES, MS 2006) .
Only few community analyses of marine fish assemblages have been carried out with respect to climate. Therein, community responses have been defined as main trends in community variability, indicated by means of a leading multivariate surrogate, e.g. factor, etc. Correlations of these surrogates with either sea temperature (Genner et al., 2004) or with latitudinal ranges (Poulard and Blanchard, 2005) have been deployed to indicate community climate effects. In the Gulf of Alaska ecosystem, long term changes in the demersal community with respect to cod and shrimp were related to climate fluctuations as indicated by the regional North Pacific Pressure Index (NPPI), with a only modifying effect of fisheries (Anderson and Piatt, 1999; Anderson, 2000) . Joint effects of fisheries and climate off Newfoundland have been analysed semi-quantitively with a production model for a single stock, i.e. cod off Newfoundland (Rose, 2004) , but no community level analyses have been performed. The goal of the present analysis is to analyse dynamics of the Greenland offshore demersal fish assemblage by means of multivariate descriptors with respect to internal, i.e. top-down (interactions) and external, i.e. bottom-up forcing (climate change, ocean productivity) and fisheries. The analysis is based on German long term groundfish survey data from the Greenland shelf from 1981 to 2006.
Materials and Methods

Species focus
The following fish species (or species groups) were identified as important. Atlantic cod (Gadus morhua, hereafter 'cod'), juvenile redfish < 17 cm (Sebastes spp.), deep-sea redfish >17 cm (Sebastes mentella, also known deepwater or beaked redfish), golden redfish >17 cm (S. marinus), American plaice (Hippoglossoides platessoides), Atlantic wolfish (Anarhichas lupus), Spotted wolfish (Anarhichas minor) and Starry ray (Amblyraja radiate).
Environmental data
For East Greenland, the phytoplankton colour index (PCI) data set for region B7 was acquired from SAHFOS (2006) for the period 1982-86 and 1991-2001 . No data were available for West Greenland. The colour index is a relative measure of phytoplankton abundance from Continuous Plankton Recorder samples. B7 extends from 59° N 31° W to 63° N 43° W (Richardson et al., 2006) . Yearly summer (Jul-Aug) values were used in this study. A further method to analyse short and noisy time series by means of the principal components of the embedded time series was applied to highlight the main temporal pattern, denoted as PCI composite (Sirabella et al., 2001 , and references therein).
Nuuk annual air temperature anomalies (Nuuk ATA) (Buch and Nielsen, MS 2002; M. Stein, pers. comm.) served as proxy for climate change and were applied for both West and East Greenland. For West Greenland, trends of sea surface temperatures and air temperatures were congruent (Buch et al., 2004) . In the present data set, Nuuk ATA were strongly correlated with water temperatures at fishing depth during the German autumn surveys (r² = 0.54, corrected for different survey coverage between years (coverage data in Table 1) ).
Fisheries data were acquired from ICES working group reports for the period 1981-1995 including cod survey abundance, cod virtual population analysis estimates (VPA), cod fishing mortality (F), cod offshore catches as the main fisheries and inshore effort data derived from cod catches and raw catch-per-unit-effort data. (ICES, MS 1996 . In the present study fishing effort is presumed to be representative for West and East Greenland as an overall proxy. It is assumed that inshore effort from the gill and pound net fisheries and offshore effort from trawl fisheries were correlated, since West Greenland cod catches for these two fisheries were significantly correlated (1981-1995; r² = 0.56) . Recent parallel trends for both inshore and offshore cod stocks further corroborate this approach. In the 1990s, fisheries started to target shrimp and thus cod based effort data cannot be expected to represent offshore fishing effort adequately since then (Maunder et al., 2006) .
The abundance index indicator of Myers et al. (1997) was applied to indirectly check for the applicability of the chosen indicators of fishing pressure, i.e. whether there were signs of collapse coinciding with signs of fishing effort and mortality. The index was calculated for cod at age 3, when cod recruits to fisheries at West Greenland (Brander, 1996) . The abundance index applies regression versus time of the log ratio of VPA abundance-at-age over survey abundance-at-age to indicate changes in recruitment. Negative slopes indicate that VPA-estimates underrate mortality, a numerical pattern that has been identified associated stock collapse (Myers et al., 1997) .
Fish assemblage data from the German groundfish survey
After an initial summer survey in 1981, annual autumn surveys covering the Greenland shelf and continental slope commenced in 1982 (ICES, MS 1996 . The survey area was split into seven geographic strata, each subdivided into two depth strata covering the 0-200 m (shallow) and 201-400 m zones (deep). Strata 1-4 refer to West Greenland and strata 5-7 to East Greenland (Fig. 1) . In East Greenland, shallow habitats mainly consist of banks emerging from the deeper areas, the shallow-to-deep area ratio in the survey is <1. In West Greenland, shallow habitats prevail with a ratio >1 (Tables 1 and 2 ).
Fishing gear was a standardized 140-feet bottom trawl, its net frame rigged with heavy ground gear because of the rough nature of the fishing grounds. A liner of small mesh (10 mm) was used inside the cod end. In 1994, smaller Polyvalent doors (4.5 m 2 , 1 500 kg) was introduced to reduce net damages due to overspread caused by the bigger doors (6 m 2 , 1 700 kg) previously deployed. The constructional width as specified by the manufacturer is 22 m, the vertical net opening being 4 m. Towing time was 30 minutes at a speed of 4.5 knots. Hauls, in which the netting was torn or the trawl snagged after less than 15 minutes, were rejected. Some hauls from the 1987 and 1988 surveys were included although their towing time had been intentionally reduced to 10 minutes due to expected large cod catches based on observations from echo sounder traces. All hauls were standardised to a towing time of 30 minutes.
Community analysis
The rationale for the present analysis was to seek 'ideal' community descriptors displaying coherent responses at community level rather than to investigate a single stock. Coherent responses may indicate regime shifts (Steele, 1998) . This is different from the intention of obtaining a reduced number of significant variables as usually referred to for multivariate analysis. Principal components analysis is suitable for data sets resolved both on spatial and temporal scales (Heyen et al., 1998 ; Genner et al., 2004) . Principal components (eigenvectors) and sample scores are jointly uncorrelated, i.e. independent of each other.
The underlying equation is
Y=XB+E,
where Y is the matrix of original observations (data by station from 1981 to 2006), X is the matrix of station scores on the principal components, B is the matrix of species loadings to the eigenvectors, and E is the matrix of residuals (Urquhart et al., 1998; SAS, 2003) . The scores matrix X is applied to recalculate principal components from the observations matrix Y (PROC SCORE, SAS, 2003) . Due to normalization, species loadings to the eigenvectors are equivalent to their correlation coefficients (SAS, 2003; Beaugrand and Ibanez, 2004) . As derived from permutations of the original data set (n = 960), species loadings, i.e. correlation coefficients r >|0.3| were significant at p <0.05.
At the scale of analysis, correction for spatial autocorrelation was not required (Diniz-Filho et al., 2003) . Only species present in more than 1% of the samples were included. Abundance data from 3 506 stations were log-transformed and the covariance matrix analysed to account for major quantitative shifts in assemblage composition. Principal components were evaluated by the Kaiser criterion with a minimum eigenvalue >1 (Kaiser, 1960 ), Cattell's rule (Cattell, 1966) , and by species loadings. Cattell's rule is a visual technique to retain those principal components that are above the point of inflection in a plot of eigenvalues ordered by diminishing size. Accordingly, Stahel (1999) suggests retaining all principal components that provide reasonable data structure despite the eigenvalue criterion. ) and shallow-to-deep ratio (in parentheses) is indicated.
Community dynamics
Dynamics were analysed with respect to, first, community interactions and, second, environmental relationships. Community interactions, i.e. relationships between principal components aggregated by year or area, were analysed by means of phase diagrams of principal components. The rationale was that ordered relationships indicate interactions and hence interdependence. Three types of ordered patterns can be expected: first, configurations reflecting linear gradients or clines, second, cyclic relationships, and third, disrupt configurations. Disrupt configurations indicate shifts between two states, whereas cyclic relationships indicate community state transitions dependent on biological constraints of resilience and persistence. Gradients were analysed by means of correlations and the degree of order in phase diagrams was assessed by subsuming distance values between consecutive years. Distance values on standardised variables were compared to a distribution of distance values obtained from a randomised input data set with 150 permutations (see section before). The assumption is that a random configuration should be bare of order and thus have higher subsumed distance values.
Environmental relationships were analysed by correlations of the annually and regionally aggregated principal components. As a first step, environmental relationships were analysed by means of best correlations for the available time series. Second, with higher temporal resolution, a moving section of the time series was analysed using moving window correlations (MWC) (Fock and Greve, 2002) . By means of compartmenting the data set, this technique accomplishes detection of short-term impacts embedded in time-series only during certain periods. Moving windows correlations were applied to time-series detrended by means of first order differences, and spatially disaggregated into West and East Greenland to account for regional variation. Correlations for the entire available time series were carried out with and without detrending. The sign of the MWC patterns to be considered was determined by the sign of the correlation in the entire time series.
Results
Principal components of community structure
The first eight components satisfy the Kaiser criterion with eigenvalues >1, whereas four components are retained applying Cattel's rule (Table 3 , for explanations see "Community analysis"). According to Stahel's rationale, four principal components are required to describe dynamics of the five most abundant taxa. The five most abundant taxa represent about 93% of all individuals sampled. The corresponding first four principal components account for 60% of total variability of the data set. Though at times very abundant in the catches, capelin was not correlated with any of the first principal components.
Components prin1 and prin2 have a strong relationship to the most abundant taxa, i.e. deep-sea redfish and juvenile redfish, respectively, whereas prin3 and prin4 have relationships to several taxa and thus represent aspects of joint variability. The group for prin3 comprises juvenile redfish, cod, golden redfish, American plaice and Atlantic wolffish. Prin4 is strongly related to deepsea redfish, cod, and American plaice. The non-redfish species related to prin3 and prin4 have strong negative (cod) or are weakly correlated to prin1 and prin2. In turn, golden redfish is negatively correlated with prin4, opposite to cod. This indicates that prin1/prin2 vs. prin3/prin4 and prin1 vs. prin4 represent very different aspects of assemblage dynamics.
Correlations by principal component indicate that Nuuk ATA is significantly related with prin1(r = 0.66) and prin4 (r = 0.61), in particular for East Greenland, as indicated also by significant detrended correlations (Table 4) . For prin1, the relationship is very pronounced from 1983 to 1992, whereas for prin4 a strong relationship exists from 1993 and onwards (Fig. 2) . Despite their similar temporal trends, both principal components are spatially separated (Fig. 3) . The overall picture shows that prin1 is centred in East Greenland, but also occurs marginally along the West Greenland slope. In turn, prin4 is concentrated on the West Greenland shelf with a tendency towards inshore areas and also occurs on bank habitats along the East Greenland coast.
Prin2 is significantly positively correlated both with the phytoplankton colour index composite (PCI composite) available for East Greenland and with fishing mortality of cod (Table 4 , Fig. 4 ). The positive relationship to fishing mortality of cod in West Greenland indicates a cod-redfish relationship. The East Greenland component of prin2 (prin2east) correlates fairly well with the PCI composite, which originated from CPR region B7 off east Greenland. The spatial distribution of prin2 is characterised by a conspicuous focus of prin2 in southern East Greenland, i.e. strata 5 and southern part of 6 (Fig. 3) . In West Greenland, high density for prin2 is recorded in stratum 1.
Prin3 is negatively related to fishing mortality F, though not in the detrended series probably due to short time series coverage (Table 4) . Until 1992, there is fair congruence between F and the inverted curve for prin3 (Fig. 5A) . However, no regionally significant correlations are obtained (Table 4) *,**,*** denote the significance levels at p = 0.05, 0.01 and 0.001, respectively. focus appears in bank habitats in stratum 5 and in stratum 6 (Fig. 3) .
Further strong negative correlations appear for PCI. These correlations with regard to West Greenland regional prin3 (prin3west) are likely to be spurious, since PCI was valid only for East Greenland. Accordingly, the graphical display shows little congruence (Fig. 5B) . A significant positive correlation is indicated for East Greenland in the detrended time series (Table 4) .
Cod catches are negatively correlated to all principal components, indicating a negative though not significant impact of the target fisheries on all species represented by the first four principal components. Partial correlations for cod catches decline in all cases, when Nuuk ATA is taken as partial variable, so that climate does not override a potentially stronger impact of cod catches. Hereafter, fishing mortality is taken to represent effects of fisheries (Fig. 6 ).
Based on eigenvector loadings and environmental correlations prin1 is characterised as the climate component of redfish dynamics, however stronger for deep-sea redfish than for golden redfish, centred in East Greenland (Fig. 3) . Correspondingly, prin4 represents the climate component of the species group of cod, American plaice and deep-sea redfish, centred in West Greenland. Prin2 represents the component of juvenile redfish in relation to primary production and fisheries, and prin3 is the component assigned to fisheries impacts and primary production for cod, golden redfish, and American plaice. For cod, more variability is expressed by means of variance components from prin3 than from prin4. For deep-sea redfish, prin1 explains much more variance than prin4.
Community dynamics
Phase diagrams indicate non-random interaction patterns for prin1-prin2, prin1-prin4, prin2-prin4, and prin2-prin3, either in terms of significant correlations or in terms of significantly low subsumed distance values . Positive values indicate higher than average performance for each respective principal component and for its associated species (Backhaus et al., 1990) . (Table 5 ). Only for prin3-prin4, no significant relationship was obtained.
The relationship between prin1 and prin2 indicates a positive closed cycle between juvenile and adult redfish with a very low value for subsumed distances (Fig. 7A) . Overlaying sea temperature values indicates that positive loads on prin1 are obtained at warmer temperatures.
For prin1-prin4 the significant positive correlation (Table 5) is mainly due to a strong gradient for the East Greenland components, which have higher loads at increased temperature (Fig. 7C1) . The components for West Greenland are less correlated and resemble a negative incomplete cycle without a clear relationship to Nuuk ATA.
Patterns including prin2 are not cyclic, but for the West Greenland components show strong negative gradients with very low subsumed distance values for prin2- Myers et al. (1997) . The abundance index is defined as the log ratio of numbers at age 3 from VPA and survey, i.e. log (VPA age3 /Survey age3 ). Abundance index becomes negative as F increases rapidly, i.e. VPA underestimates mortality. The linear trend for the abundance index (dashed line) is negative for the time period covering the collapse of cod stocks off Greenland. Mortality data as in Fig. 5A .
prin3 (21.6) and for prin2-prin4 (19.7) without a clear relationship to Nuuk ATA ( Fig. 7B1 and 7B3 ). In turn, the correlation prin2-prin4 for East Greenland is positive, and higher loads are further correlated to Nuuk ATA.
The MWC-analysis of environmental relationships for West Greenland show two short periods of positive significant climate effects for prin1 and prin4 which are not coinciding (Table 6 ). Firstly, a significant effect is observed for prin4 (1981) (1982) (1983) (1984) (1985) , thereafter only for prin1 (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) . No other significant correlations with positive sign appear. Only marginal effects are observed for mortality F and prin3, though correlations obtained for the entire time series were significant ( Table 4 ).
The analysis of environmental driving forces for East Greenland shows significant correlations with climate both for prin1 and prin4, for prin1 covering almost the entire time series (Table 7 ). Significant periods for prin1 occur from [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1993] [1994] [1995] [1996] [1997] [1998] [1999] 
Reconciling community dynamics
Phase diagrams and MWC-analysis show complementary patterns. For West Greenland, strong negative relationships for prin2-prin3, prin1-prin4 and prin2-prin4 indicate strong relationships between redfish, cod and American plaice, all significant in terms of ordered subsumed distances (Table 5 , Fig. 7B1, 7B2 and 7B3) . No significant patterns to Nuuk ATA appear in the phase diagrams and climate is significantly linked to dynamics in terms of MWC only for a short period. This puts an emphasis on biological interactions, e.g. competitive effects between all four principal components, and on cycles as for the interaction between juvenile redfish and adult redfish, i.e. prin2-prin1.
In turn, positive gradients between redfish, cod and American plaice for East Greenland indicate dependence on abiotic factors but little competitive effects, paralleled by the extended periods of significant correlations in the MWC analysis. Phase diagrams show a relationship to Nuuk ATA, so that relationships could be temperature driven. Only two relationships appear to be significant in terms of ordered subsumed distances. Fishing mortality appears naturally as a negative factor for prin3 and as a positive factor for prin2, indicating that juvenile redfish are negatively related to cod as predator (Fig. 7B1) . Fishing mortality is negatively related to the abundance index of Myers et al. (1997) , which becomes negative as F increases sharply in 1987 (Fig. 6 ) coinciding with the significant correlation indicated for prin3 in the MWC analysis. This congruence indicates that F is decisive to characterise the collapse of the cod stock, but is likely underestimated, which could explain that correlations for F in detrended time series were not significant for prin3.
Discussion
In this study, four principal components were employed to analyse community dynamics, explaining 60% of total variance. In turn, the corresponding taxa accounted for 93% of abundance variability. Thus, the subspace of principal components can be distinguished as an 'ideal' community from the original time series. Within this subspace, the first two principal components represent congeners, reflecting the numerical dominance of redfish species in the ecosystem. Principal components prin3 and prin4 share contributions from several species and thus are community components, indicating similarities between species. However, the explained variance by prin3 and prin4 is small compared to prin1 and prin2. Among the environmental factors available for analysis, climate which was assigned to principal components prin1 and prin4, accounted for 30% of community variance. Productivity and fisheries impact were each related to both prin2 and prin3, accounting for 29.6% of variability, respectively.
Effects of bottom-up forcing and fisheries
In the moving window analysis, climate was the predominant factor. Additional significant effects only occurred associated with climate, i.e. the effect of fisheries and of productivity in East Greenland. For West Greenland, the effect of fisheries was not significant in terms of MWCs. For the North Sea and the Newfoundland shelf associated effects of climate and overfishing have been described for single populations to account for unexplained gains and losses (Beaugrand et al., 2003; Rose 2004) . Similarly, quantifying driving forces on community level for the Gulf of Alaska ecosystem showed the predominance of climate forcing for boreal ecosystems as compared to fisheries (Anderson and Piatt, 1999) .
For the Greenland offshore ecosystem, Stein and co-workers (Stein and Lloret, 1995; Stein and Borovkov, 2004 ) identified three distinct periods in the longterm performance of cod recruitment, i.e. (1) 1950s and 1960s, (2) 1970s and 1980s, and (3) 1990s to now. Phase (1) was relatively warm, whereas during phase (2) cooling occurred. Phase (3) was negatively defined by cod recruitment failure. The switch between phase (2) and phase (3) is also met in the MWC analysis on community level, thus indicating linkage of processes on population and on community level. The switch between phase (1) and phase (2) is also recognized in ichthyoplankton data from Pedersen and Rice (2002) , indicating that recruitment is climate dependent at low stock densities (Brander, 2005 Fig. 7 .
*,**,*** denote the significance levels at p = 0.05, 0.01 and 0.001, respectively. prin1 and prin2, (B1) prin2west and prin3west, (B2) prin1west and prin4west, (B3) prin2west and prin4west, (C1) prin1east and prin4east and (C2) prin2east and prin4east. Bubble size is directly proportional to the NUUK ATA. Years indicated by two digits. '…west' and '…east' indicate regional splitting.
increase in groundfish stocks and a decrease in shrimp stocks since the 1990s related to climate fluctuations as indicated by the regional North Pacific Pressure Index (Anderson and Piatt, 1999; Anderson, 2000) , referring to phase (3). This coincidence with Greenland's ecosystems underlines the role of climate as major driving force for arctic ecosystems and a likely seesaw mechanism as observed in climatological time series on the Northern Hemisphere (Meehl and van Loon, 1979) . North Pacific and North Atlantic oscillation patterns are known to be negatively correlated, at least since the 1960s (Schwing et al., 2003; Ogi et al., 2004) . The climate proxy of this study, i.e. Nuuk ATA, is linked to the corresponding North Atlantic Oscillation Index (NAOI) (Buch et al., 2003; . This and further synchronous changes observed in the Barents Sea and the North Pacific (Lehoudey et al., 2006) indicate, that arctic and sub-arctic ecosystems are linked by a interdependent system of atmospheric forcing, i.e. teleconnections.
Besides climate, fisheries and productivity were identified as further driving forces. In particular, prin2, i.e. juvenile redfish, and prin3, i.e. mainly cod and American plaice, was related to plankton productivity during summer. For juvenile redfish, an effect during the plankton stage is likely, i.e. for larval and unsettled 0-group specimens. For deep-sea redfish, larvae are extruded along Reykjanes Ridge during April to May (Saborido-Rey et al., 2004; Pedchenko, 2005 ). Anticlockwise circulation with the Irminger current is the major pathway for their distribution. This mechanism is likely to accelerate during high NAO periods, when westerly winds intensify the rotation of the Irminger gyre so that increased Ekman transport provides onshore transport (Buch et al., 2003) . During periods of high NAOI in the mid-1990s and at the beginning of the 2000s, significant MWCs with regard to PCI at East Greenland were obtained (Table 7) . In line with this argument is the vertical temperature distribution in the centre of the Irminger gyre (Pedchenko, 2005) . During the mid-1990s cold water was encountered in the centre of the Irminger Sea, indicating central upwelling as a consequence of the Ekman onshore transport. Measurements of geostrophic pressure further corroborate the mechanism of intensive onshore transport for the Irminger sea during the 1990s (Lavender et al., 2000) . In line with this view is a further upwelling event in 1983-1984. It was accompanied by a minor increase of juvenile redfish, in particular at East Greenland in 1985. Since summer plankton productivity was low then in July-August, probably no larger population could be maintained.
In this analysis, effects of fisheries was assigned directly to 12.9% of community variability, i.e. prin3, and indirectly to prin2 accounting for 16.7% of variability. This pattern is associated to juvenile redfish, golden redfish, cod, and American plaice. In cod fisheries, heavy discards of juvenile redfish have been described in the past (Pedersen and Rice, 2002) . Thus, the cod fisheries are likely to have had an overall effect. The approach is justified by the congruence between time series of abundance index of cod at age 3 according to Myers et (1997) and fishing mortality (Fig. 6 ). The index shows that mortality was underrated by VPA. Myers et al. (1997) attribute this numerical pattern to increased fishing mortality, in particular discard mortality and underreporting of catches when fishing effort is high.
Community interactions and regional differences
The analysis revealed a clear separation between West and East Greenland assemblages. This supports the analysis by Rätz (1999) indicating differences in community structure between East and West Greenland. Phase diagrams showed positive relationships for East Greenland, but negative for West Greenland. One strong cyclic pattern appeared. Cycles can be regarded as transitional regime shifts, always associated with certain changes in biological features, e.g. reduction of trophic level, etc. (Beaugrand and Ibanez, 2004; Poulard and Blanchard, 2005) . For prin1-prin2, the shift can be identified as ontogenetic cycle from juvenile to larger redfish with presumably changing ecological requirements between both states. The relationship is positive, with high loads in the juveniles leading to high loads in adult redfish. The survey data supports this interpretation indicating an increase for deep-sea redfish in 1996-97 and an increase for golden redfish 1998 and since 2001. Further, for the Irminger Sea strong recruitment from the shelf to the offshore pelagic stock was observed in the late 1990s (Stransky, MS 2000) .
The negative phase relationships for West Greenland indicate community, i.e. competitive interactions between cod, American plaice and redfish. In particular, golden redfish is negatively correlated with prin4 and cod with prin1. Competition requires some limiting resource. Sea temperature profiling during the 1984-cruise indicates that warmer water is distributed over most of the East Greenland shelf, whereas warm water in West Greenland occurs deeper and is bound to the shelf edge (Stein, MS 2006b ). The distribution of prin1 in West Greenland confined to the outer margins of the survey area where warmer water appears indicates that warmer water could be the limiting resource quality. Survey data from the Aleutian Chain show a likely corroborating pattern between Pacific cod (G. macrocephalus) and Pacific ocean perch (Sebastodes alutus) (Logerwell et al., 2005) . On the northern side, i.e. the colder side as evidenced by measurements from temperature moorings (Stabeno et al., 2005) , spatial overlap between perch and cod was stronger than on the southern side. Negative relationships can be caused either by means of diet overlap, since shrimp are a common resource to all demersal fishes, but more directly through predation of one species on the other. Cod is a heavy predator on golden redfish, but redfish also feed on juvenile cod and American plaice (Roman et al., MS 2004; Savenkoff et al., MS 2006) . Thus, in a limited environment cod could hinder the establishment of the redfish stock, and vice versa. This process would be performed as an ecological shift or cycle and is density dependent.
As a consequence, in East Greenland where apparently warm water is not a limiting resource the relationship should be bottom-up controlled, i.e. density independent. This is strongly supported by the moving window correlation patterns. For West Greenland, significant correlations were limited to certain periods with temporal gaps between them, leaving space for density dependent regulation. Such switching between density dependent and density independent regulation was also found for East Pacific sardines (Kawasaki and Omori, 1995) . In turn, in East Greenland significant moving window correlations appeared for the whole period, indicating strong bottom-up forcing. Knowledge of density independent forcing may have certain implications for management (Brander and Mohn, 2004) .
